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A n  inves t iga t ion  of 

SUMMARY 

store-pylon forces and 
3- 

moments has 
ducted i n  the  Langley 4- by &-foot supersonic pressure tunnel  a t  a Mach 
number of 1.61. 
on a s t o r e  and on a store-pylon combination f o r  a number of pylon- 
mounted s t o r e  loca t ions  below the  wing of a 45' swept-wing-fuselage 
combination. Tests were made through an angle-of-attack range of -4O 
t o  12' and an angle-of-sideslip range of -12' t o  12O. The basic model 
configuration, which w a s  almost i den t i ca l  t o  the  model used i n  r e f e r -  
ence 1, simulates a heavy-bomber-type a i rp lane  wi th  a la rge  ogive 
cyl inder  s to re .  

The results of the  inves t iga t ion  ind ica t e  t h a t  t he  most important 
source of store-pylon s ide  forces  i s  the pylon i tself .  
i n  a s t rong  sidewash f i e ld ,  the pylon can assume a la rge  load and a l s o  
produce a large incremental load upon the  s t o r e .  Both tend t o  increase 
rap id ly  w i t h  increasing angle of a t tack o r  angle of s i d e s l i p .  Location 
of the store-pylon combination i n  a sidewash f i e l d  of s t rong i n t e n s i t y  
may a l so  result i n  powerful secondary e f f e c t s  on the  normal force and 
a x i a l  fo rce  of the s to re .  
f o r  the sweptforward store-pylon i n s t a l l a t i o n s  a t  moderate angles of 
a t t ack  ind ica te  that re lease  of an unfinned s t o r e  from a forward s t o r e  
loca t ion  could be hazardous. Tests with two s t o r e s  mounted on the same 
wing panel  show t h a t  the  presence of the inboard store-pylon combination 
causes s ign i f i can t  decreases i n  the outboard s t o r e  and store-pylon s i d e  
forces  produced by angle of a t tack .  The theory as used here provides a 
useful estimation of the angle-of-attack-induced s t o r e  o r  store-pylon 
s ide  force .  However, the  s ide  force i s  underestimated a t  the inboard 
wing pos i t ions  and i s  overestimated a t  t he  outboard pos i t ions .  

Separate forces  and moments were measured simultaneously 

When immersed 

The large unstable p i tch ing  moments obtained 

(cr/ L' 
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As a result of the wide use of ex terna l  s to re s  and nacel les  on 
high-speed aircraft, extensive experimental inves t iga t ion  of the nature 
and or igin of s t o r e  loads has been conducted by the  National Advisory 
Committee f o r  Aeronautics, Previous inves t iga t ions  (see r e f s .  1, 2, 
and 3) have shown that a t  supersonic speeds the  in te r fe rence  from the 
various a i r c r a f t  components may produce la rge  performance penal t ies  and 
a l s o  large s t r u c t u r a l  loads.  The s ide  forces  a re  of ten  the c r i t i c a l  
design load because of t he i r  magnitude and the inherent weakness of the 
pylon support t o  lateral loads and bending moments. The theo re t i ca l  
work of reference 4 indicated that s t o r e  side-force loads may be calcu- 
lated by l i n e a r  theory with reasonable accuracy. However, the  experi-  
mental data ava i lab le  f o r  cor re la t ion  were somewhat l imi t ed ,  p a r t i c u l a r l y  
i n  the case of pylon-induced s t o r e  loads.  To t h e  authors’  knowledge, no 
supersonic data f o r  the loads on the pylon i tself  were i n  exis tence.  

The r e s u l t s  of these and other  inves t iga t ions  have indicated a need 
f o r  addi t ional  experimental data on pylon-induced s t o r e  loads and on 
pylon loads as wel l  as a need t o  provI.de addi t iona l  checks on the theo- 
r e t i c a l  methods f o r  the predic t ion  of these loads.  The present i n v e s t i -  
gation extends the  range of the tests of references 1 and 2 t o  ob ta in  
data on pylon-mounted s t o r e  configurations over a wide angle-of-attack 
and angle-of-sideslip range a t  a Mach number of 1.61. The s t o r e  and 
wing-fuselage combination of t h i s  inves t iga t ion  are geometrically 
iden t i ca l  t o  the model used i n  reference 1 with the exception of the  
fuselage afterbody. A pylon w a s  not employed i n  the previous tests. 

* 

w 

This repor t  presents  the forces  and moments ( f ive  components) 
measured on the s t o r e  i n  the presence of the pylon, and the  forces  and 
moments ( th ree  components) on the store-pylon combinations. The tests 
were conducted f o r  a number of spanwise and chordwise s t o r e  pos i t ions  
using several  d i f f e ren t  s to re  -pylon combinations f o r  an angle-of -a t tack 
range o f  -bo t o  12O and f o r  an  angle-of-s idesl ip  range of -12O t o  12O 
a t  angles of a t t ack  of Oo, bo, and 8 O .  Correlat ions between the calcu-  
l a t e d  and experimental s t o r e  and store-pylon s ide-force loads are a l s o  
included; some of these results have previously been presented i n  
reference 5 .  

SYMBOLS 

axial-force coe f f i c i en t  of s t o r e ,  F d q F  ‘A,s 
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Cn, s 

'n, s ' 

CY,s 

cM, SP 

cn, SP 

SP 

c' 

F 
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FA 

FN 

FY 

1 

MB 

MY 

MZ 

v 
X 

Y 
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normal-force coef f ic ien t  of s to re ,  FN/qF 

yawing-moment coef f ic ien t  of 
MZ/qFZ 

yawing-momnt coe f f i c i en t  of 
wing chord plane, Mz/qFZ 

s t o r e  about s t o r e  midpoint, 

s t o r e  about pylon midpoint a t  

side-force coe f f i c i en t  of s to re ,  Fy/qF 

bending-moment coef f ic ien t  of store-pylon combination about 
pylon root  a t  wing chord plane, MB/qFZ 

yawing-moment coe f f i c i en t  of store-pylon combination about 
pylon midpoint a t  wing chord plane, Mz/qFZ 

side-force coe f f i c i en t  of store-pylon combination, Fy/qF 

mean aerodynamic chord 

maximum f r o n t a l  area of s tore ,  0.0123 s q  f t  

a x i a l  force,  l b  

normal force,  l b  

s ide  force,  l b  

s to re  length,  12 i n .  

bending moment, i n - lb  

pi tching moment, i n - lb  

yawing moment, i n - lb  

free-strean dynamic pressure,  lb / sq  f t  

free-stream veloci ty ,  fps  

chordwise pos i t ion  of s t o r e  midpoint masured from nose of 
fuselage,  i n .  

spanwise pos i t ion  of s t o r e  center 
lage center  l i n e ,  i n .  

l i n e ,  measured from fuse-  

3 

. 
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v e r t i c a l  pos i t ion  of s t o r e  center  l i n e ,  measured from wing 
chord plane, i n .  

angle of a t tack ,  deg 

angle of s i d e s l i p ,  deg 

APPARATUS AND TESTS 

Models and Equipment 

The pr inc ipa l  dimensions of the models and the general  arrangement 
of the test  setup are shown i n  f igure  1. 
s t o r e  combination w a s  designed t o  simulate a heavy-bomber-type a i rp lane  
w i t h  a large ex terna l  s t o r e .  The dimensions of this configuration were 
ident ica l  t o  those of the aemispan model used i n  references 1 and 2 
except for the  cy l indr ica l  afterbody on the present fuselage.  

The 45' swept-wing-fuselage- 

The wing, fuselage,  and s t o r e s  were constructed of metal and the  
s t o r e s  were supported by wing-mounted pylons attached t o  each wing panel. 
S lo ts  were m i l l e d  i n t o  the wing t o  provide a f l a t  mounting surface f o r  
the pylons a t  each s t o r e  pos i t ion  t e s t e d .  Also, a s l o t  along the  span 
of each w i n g  panel f i t t e d  w i t h  small cover p l a t e s  provided a passage for 
the s tore  and pylon balance leads i n t o  the fuselage. 

The s t o r e  mounted under the r i g h t  w i n g  panel contained an i n t e r n a l  
five-component strain-gage balance which measured the forces  and moments 
on the s t o r e  i n  the presence of the pylon. The s t o r e  under the l e f t  wing 
panel w a s  mounted t o  a three-component strain-gage balance enclosed 
within the pylon f a i r i n g  which measured the forces  and moments on the 
complete store-pylon combination. The swept and unswept pylons used i n  
the t e s t s  had symmetrical 9-percent-thick circular-arc  sect ions p a r a l l e l  
t o  the f r e e  a i r  stream. The 9-percent thickness of the pylon, which w a s  
somewhat l a r g e r  than desired,  w a s  necessary i n  order t o  permit installa- 
t i o n  of the pylon balance. The o v e r a l l  dimensions of the store-pylon 
combination used f o r  each wing panel were ident ica l ;  however, they were 
qui te  d i f f e r e n t  i n t e r n a l l y .  (See cutaway drawing, f i g .  l ( c ) . )  For the  
three-component pylon balance, the pylon w a s  merely a f a i r i n g  which 
enclosed the strain-gage beam and a d i f fe ren t  pylon w a s  required f o r  
each s t o r e  pos i t ion  tested i n  order t o  maintain a constant clearance 
(abou t  1/16 inch)  between the pylon and wing surface.  
three-component pylon strain-gage balances were necessary i n  order t o  
instrument both the swept and unswept pylons. 

Two separate 
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For mounting the five-component s t o r e  balance on the opposite wing 
panel, the pylon was a s o l i d  s t r u t  (except f o r  a small hole which allowed 
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? passage of the store-balance leads t o  the wing) and the same two pylons 
( the unswept and swept) were interchangeable f o r  any of the  s t o r e  posi-  
t ions  tes ted .  
a t  the store-pylon juncture t o  allow f o r  balance def lect ion under loads.  

I (See f i g .  l ( c ) . )  

A clearance gap of approximately 1/16 inch w a s  provided 

Tests 

The complete wing-store model combination w a s  mounted on the 
standard ro ta ry  s t i n g  of the Langley 4- by 4-foot supersonic pressure 
tunnel,  which allowed the model t o  be pitched or yawed through a wide 
range of posi t ions.  For each s t o r e  posit ion,  tests were made through 
an angle-of -attack range of -bo t o  12' ( p  = 0') and through an angle- 
of -s ides l ip  range of -120 t o  12O a t  constant angles of a t tack  of Ov, 
bo, and 8 O .  Irawever, f o r  some posit ions,  the angle ranges were 
r e s t r i c t e d  by the load l i m i t s  of the test  equipment or by foul ing of 
the balance due t o  def lect ion under load. 

The f i f t e e n  store-pylon configurations t e s t e d  a re  shown i n  f i g -  
ure 2; f igure  3 shows the pos i t ive  direct ion of the measured forces  
and mments. For a l l  model configurations tes ted,  symmetrical s t o r e  
locat ions about the fuselage center  l i n e  were employed. 
t e s t s ,  i n  order t o  insure boundary-layer t r a n s i t i o n  from laminar t o  
turbulent  flow, a l/k-inch-wide s t r i p  of No. 60 carborundum grains  
and she l lac  w a s  located on both surfaces of the wing a t  the 10-percent- 
chord point ,  on the fuselage nose 1/2 inch from the t i p ,  and on the 
s t o r e  nose 1/4 inch from the t i p .  

For a l l  

The t e s t s  were conducted i n  the Langley 4- by &-foot supersonic 
pressure tunnel a t  a Mach number of 1.61 with a stagnation pressure of 
5 pounds per  square inch absolute and a corresponding Reynolds number 
of 1.4 x 10 6 per  foot .  Also,  repeat tests were conducted a t  a stagna- 
t i o n  pressure of 10 pounds per  square inch absolute with a corresponding 
Reynolds number of 2.7 x 10 6 per foot.  
both pressures showed good agreement. 

Comparison of the data taken a t  
(See f i g .  4. ) 

Accuracy of Data 

The angles of a t tack and s ides l ip  have been corrected f o r  def lec t ion  
No correct ion has been made f o r  the of t h e  balance and s t i n g  under load. 

e f f e c t  of gaps a t  the wing-pylon and a t  the store-pylon junctures which 
allow clearance f o r  balance deflection. However, the e f fec t  of these 
gaps on the accuracy of the data  i s  believed t o  be s m a l l .  
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An estimate of the probable accuracy of the present  data as de ter -  .I 
mined from an inspection of repeat t es t  points  and s ta t ic -def lec t ion  
ca l ibra t ion  is  as follows: 

a, d e g . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.2 
P , d e g . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.2 
x, i n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.025 
y, i n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.05 
z, i n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.025 

Store : 
C A , s .  . . . 
CN,s . . . . . . . . 

. . . s.02 
m.02 

C m J s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
cy,s.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.05 
c n , s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.02 

Store-pylon combination: 
cy,sp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s o 6  
cnjSp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s.02 
CM,sp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.02 

PRESENTATION OF DATA 

The i s o l a t e d  s t o r e  axial-force,  normal-force, and pitching-moment 
coef f ic ien ts  f o r  the s t o r e  w i t h  and without f i n s  (reported i n  refs. 1, 
2, and 6) a r e  presented i n  f igure  5. 
graphs f o r  some of the model configurations tested. 

Figure 6 presents sch l ie ren  photo- 

The bulk of the s t o r e  and store-pylon data is  p l o t t e d  against  angle 

The f igures  are p l o t t e d  with the data f o r  
of a t tack and angle of s i d e s l i p  f o r  the various s t o r e  posi t ions and i s  
presented i n  f igures  7 t o  32. 
two, three, o r  four s t o r e  posi t ions i n  each f igure  with the store-pylon 
configuration used being i d e n t i f i e d  by the symbol opposite the small-scale 
drawings i n  each f igure .  The f i f t e e n  store-pylon combinations t e s t e d  are 
grouped In such a manner as t o  show the  various e f f e c t s  of the d i f f e r e n t  
store-pylon posi t ions and combinations; thus,  I n  a number of the f igures ,  
some of the data are repeated f o r  ease of comparison. The s t o r e  yawing- 
moment coeff ic ients  tha t  are p l o t t e d  aga ins t  angle of a t t a c k  are pre- 
sented both  about the s t o r e  midpoint and about the pylon center  a t  the  
wing-pylon juncture f o r  convenience i n  making comparison w i t h  the s t o r e -  
pylon data. Spanwise and chordwise comparison p l o t s  of the s t o r e  and 
store-pylon data, together with s t o r e  data of references 1 and 2, are 
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b presented i n  f igures  33 and 34, respectively.  

mental and calculated s t o r e  and store-pylon side-force loads is pre-  
sented i n  f igu res  35 t o  38. 

Comparison of the experi-  

A general  index of the data f igures  presenting the r e s u l t s  i s  as 
follows : 

Stagnation pressure p l o t s  . . . . . . . . . . .  
I so l a t ed  s t o r e  data . . . . . . . . . . . . . .  
Schlieren photographs . . . . . . . . . . . . .  
Store-pylon coef f ic ien ts  p lo t t ed  against  a . . 
Store coef f ic ien ts  p lo t t ed  aga ins t  p . . . . .  
Store-pylon coef f ic ien ts  p lo t t ed  against  p . . 
Store spanwise and chordwise comparison p l o t s  . 
Comparison of s t o r e  and store-pylon side forces  
Theoretical  components of side force . . . . .  
Comparison of t heo re t i ca l  and experimental side 

Store coef f ic ien ts  p lo t t ed  aga ins t  a . . . . .  

RESULTS AND DISCUSSION 

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  
force . . . .  

Figure 
4 
5 
6 

7 to 13 
14 t o  19 
20 t o  26 
27 t o  32 

33 and 34 
35 
36 

37 and 38 

Experience shows that the s t r u c t u r a l  design of the pylon and i t s  
attachment t o  both the w i n g  and the s to re  a re  generally determined by 
the side forces  on the  s to re  and store-pylon assembly. 
loads a r e  important s t ruc tu ra l ly  because they produce la rge  bending 
moments i n  a d i rec t ion  of l e a s t  s t r u c t u r a l  s t rength  and la rge  yawing 
( t w i s t i n g )  moments on the pylon. The following discussion is  therefore  
d i rec ted  p r inc ipa l ly  toward the var ia t ions  i n  side force,  which i s  con- 
s idered  the fundamental component. Also included i n  this discussion i s  
a comparison of the measured side forces w i t h  those computed by using 
the methods of references 4 and 5 .  

The side-force 

Variation of the Forces and Moments With Angle of Attack 

Effec ts  of s to re  pos i t ion . -  For most tes t  posi t ions of the bas ic  
s t o r e ,  l a rge  changes i n  the magnitudes of a l l  of the measured s t o r e  and 
store-pylon forces  and moments occurred w i t h  increases  i n  angle of 
attack and w i t h  changes i n  s to re  spanwise and chordwise pos i t ion .  (See 
f i g s .  7, 8, and 14.)  

O f  the components measured, the most s ign i f i can t  changes were shown 
f o r  the s t o r e  and store-pylon side-force coef f ic ien ts .  The side-force 
curves f o r  both the s t o r e  and store-pylon combination showed e s s e n t i a l l y  
l i n e a r  var ia t ion  w i t h  increases i n  angle of a t t ack .  However, the slopes 
of the store-pylon curves were a t  l e a s t  two t o  three times g rea t e r  
(depending upon s t o r e  pos i t ion)  than those of the s to re .  
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I n  most cases, the bending-moment coef f ic ien ts  show s izable  increases 
with increasing angle of a t tack  ( f i g .  14(b)  ) . 
the  center of pressure of the store-pylon assembly moves downward about 
20 percent of the pylon span (assuming span i s  equal t o  2.09 inches) from 
about the  pylon-midspan locat ion as the angle of a t tack  i s  increased from 

It can be calculated t h a t  

00 t o  12O. 

Relative t o  the performance problem imposed by the use of s tores ,  it 
should be noted that f o r  the forward s t o r e  locat ion ( f i g s .  7(a) and 8 (a ) )  
the s tore  axial-force coef f ic ien t  decreases with increasing angle of 
a t tack ,  whereas an equally large increase w a s  shown f o r  the most rearward 
location. 
( f i g .  7 ( a ) )  w i l l  be discussed i n  a later sect ion.  O f  course, no conclu- 
s ions can be drawn about overa l l  a i rplane performance without the corre-  
sponding wing-fuselage data. 
the normal-force data of f igure  8(a) are of i n t e r e s t  when there is  concern 
over the release charac te r i s t ics  of a je t t i soned  s t o r e .  The data ind ica te  
t h a t  because of the large pos i t ive  pitching-moment coef f ic ien ts  obtained 
a t  moderate a i rplane angles of a t tack ,  re lease from a forward loca t ion  
would be hazardous. 
a nose-up s t o r e  a t t i t u d e  a t  which enough l i f t  might be generated t o  force 
the s tore  t o  s t r i k e  the pylon o r  wing. 
( f i g .  8 ( b ) ) ,  although the pitching-moment coef f ic ien ts  are not la rge ,  
the normal-force coef f ic ien t  may i n  i t s e l f  make a s a t i s f a c t o r y  release 
d i f f i c u l t .  For the midchord posi t ions,  the negative i n i t i a l  moments 
should a i d  i n  obtaining s a t i s f a c t o r y  releases .  

The increase i n  axial-force coef f ic ien t  w i t h  span pos i t ion  

The pitching-moment data of f igure  8 ( b )  and 

(Also, see f i g .  7 (b) .  ) The large moments could cause 

A t  the rearward locat ion 

.I 

Effects of s t o r e  f i n s  and s t o r e  t a i l  cone.- For the  two store-pylon e 

configurations tes ted ,  addi t ion of the t a i l  cone had only small and 
generally negl igible  e f f e c t s  on the measured s t o r e  c h a r a c t e r i s t i c s  
( f i g s .  10, 11, 16, and 17) .  I n  general, addi t ion of the f i n s  t o  the 
basic s tore  caused large changes i n  a l l  the coef f ic ien ts  except s ide-  
force coeff ic ient  a t  s t o r e  posi t ions where the f i n s  were placed i n  a low 
sidewash region. (See f i g s .  9 t o  12 and 15 t o  18.) The la rge  changes 
which occurred f o r  CN,s, Cm,S, and ‘A,s 
w e r e  primarily a result of the changes shown by the i so la ted-s tore  f i n  
data. (See f i g .  5 . )  The determination of whether the addi t ion of f i n s  
t o  the s tore  a t  the midchord locat ion would increase the  p o s s i b i l i t y  of 
a sa t i s fac tory  release would require a de ta i led  study. The la rge  nega- 
t i v e  moment woul6 a id  release, but the pos i t ive  normal force would tend 
t o  make release more d i f f i c u l t .  

due t o  the f i n s ,  however, 

Effect of pylon locat ion.-  When the  unswept pylon w a s  moved from 
a forward t o  a rearward locat ion w h i l e  maintaining the same s t o r e  pos i -  

and f o r  the s t o r e  and store-pylon side-force coef f ic ien ts  ( f i g s .  13 and 
1 9 ) .  

t ion ,  the l a r g e s t  changes occurred f o r  s t o r e  normal-force c o e f f i c i e n t  I 

A t  the higher angles of a t tack ,  the side-force coef f ic ien ts  f o r  



* the rearward pylon posi t ion were less than i n  the forward posi t ion,  
whereas the s t o r e  normal-force coef f ic ien t  showed an increase.  The 
pylon i n  the forward locat ion i s  i n  a sidewash region of grea te r  in ten-  
s i t y  (shown by the higher store-pylon side-force loads i n  f i g .  19); i n  
t h i s  posi t ion,  the presence of the pylon r e s u l t s  i n  l a r g e r  decreases i n  
the  s t o r e  normal-force coef f ic ien t .  

Interference e f f e c t  of an inboard s t o r e  on an outboard s tore . -  Fig- 
ures 1 2  and 18 show the e f f e c t  on the  outboard s t o r e  and store-pylon loads 
of adding an inboard s t o r e  a t  the locat ion indicated i n  f i g u r e  2. 
small changes i n  s t o r e  axial-force,  pitching-moment, and yawing-moment 
coef f ic ien ts  were produced by the presence of the inboard s t o r e .  However, 
a s i g n i f i c a n t  increase i n  s t o r e  normal-force coef f ic ien t  and a s i g n i f i c a n t  
decrease i n  s t o r e  and store-pylon side-force coef f ic ien ts  were measured as 
the angle of a t tack  w a s  increased. 
produced by the flow f i e l d  of the inboard s t o r e  and pylon, t h i s  i n s t a l l a -  
t i o n  is  believed t o  a c t  as a "fence" which reduces the outward wing s ide-  
wash due t o  angle of a t tack.  Consequently, these interference e f f e c t s  
produced by the inboard s t o r e  reduced the  s t o r e  side-force c o e f f i c i e n t  
and increased the s t o r e  normal-force coef f ic ien t  on the outboard s t o r e .  

Only 

I n  addi t ion t o  the  interference e f f e c t s  

Variation of the Forces and Moments 

With Angle of S ides l ip  

For the basic s t o r e  posi t ion,  the s t o r e  and store-pylon data 
( f i g s .  20, 21, and 27) show large changes i n  the  measured c o e f f i c i e n t s  
with increases i n  p .  The most noteworthy changes occurred f o r  the s t o r e  
and store-pylon side-force coeff ic ients  and f o r  s t o r e  normal-force coef- 
f i c i e n t s .  Large increases i n  the s tore  and store-pylon side-force coef- 
f i c i e n t s  with increases i n  s i d e s l i p  angle were accompanied by la rge  
decreases i n  s t o r e  normal-force coeff ic ients .  I n  general, f o r  the s t o r e  
and store-pylon s i d e  force,  the e f fec ts  of the combined a and p 
(shown f o r  angles of a t tack  of 4' and S o )  are addi t ive when the  s t o r e  i s  
located on the rearward wing panel ( - p  range f o r  s tore ,  + p  range f o r  the 
store-pylon combination) and thus results i n  even l a r g e r  loads on the  
s t o r e  and store-pylon combination than previously shown by the data taken 
a t  p = oO. 

Effec t  of s t o r e  posit ion.-  Examination of the coef f ic ien ts  of f i g -  
ures 20, 21, and 27 a l s o  shows that the e f f e c t s  of s t o r e  spanwise and 
chordwise pos i t ion  a r e  s izable ,  w i t h  the  var ia t ion  of t h e  c o e f f i c i e n t s  
being somewhat more pronounced f o r  s tore  chordwise movement than f o r  
s t o r e  spanwise movement over the range of posi t ions tes ted .  
of s t o r e  pos i t ion  are generally smaller than the e f f e c t s  produced by 
var ia t ion  i n  angle of s ides l ip .  
s ide-force coeff ic ients ,  the changes over the range of s t o r e  pos i t ions  

The effects 

I n  the case of the s t o r e  and store-pylon 
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t e s t e d  are about one-third as la rge  as the changes due t o  angle of s ide-  d 

s l i p  a t  the  extreme angles of 120 tested. (See f i g .  38.) 

Effect of s t o r e  f i n s  and s t o r e  t a i l  cone.- The data of f igures  22 
t o  25 and 28 t o  31 show that  addi t ion of the s t o r e  f i n s  caused moderate 
t o  large incremental changes i n  a l l  of the s t o r e  and store-pylon Coeffi- 
c ien ts  measured, with the i n c r e m n t a l  changes i n  CA,s, CN,s, and Cm,s 
( f o r  most cases)  being l i t t l e  affected by angle of s i d e s l i p .  However, 
i n  the case of the s t o r e  and store-pylon side-force and yawing-moment 
coeff ic ients ,  the addi t ion of the f i n s  produces large increases i n  the  
slope of the curves as would be expected. 

Again, addi t ion of the faired t a l l  cone caused only s m a l l  and gen- 
e r a l l y  negl igible  e f f e c t s  on a l l  the coef f ic ien ts  except s t o r e  a x i a l -  
force  coef f ic ien t .  

Effect of pylon location.-  Examination of the data of f igures  26 
and 32 shows t h a t  a change i n  pylon pos i t ion  produces only s m a l l  t o  
moderate changes i n  the measured coef f ic ien ts  with var ia t ion  i n  p 
except i n  the case of the coef f ic ien ts  
slope change shown f o r  the  store-pylon yawing-moment curve would be 
expected s ince the moments were computed about the pylon center .  For 
s t o r e  normal-force coef f ic ien t ,  moving the pylon rearward caused 
unusually large increases i n  the  coef f ic ien ts  i n  the negative p range 
and only small changes i n  the pos i t ive  p range. 

and Cn The la rge  , P'  CN,s 

* 

Interference e f f e c t  of an inboard s t o r e  on an outboard s tore . -  e 

Figures 25 and 31 show t h a t  the addi t ion of the inboard s t o r e  produced 
la rge  changes i n  a l l  the coef f ic ien ts  (except 
angle of s i d e s l i p  when the s t o r e  w a s  on the rearward wing panel (that is, 
posi t ive p f o r  the store-pylon coef f ic ien ts  and negative p f o r  the  
s t o r e  c o e f f i c i e n t s ) .  However, when the model was yawed so that the s t o r e  
w a s  located on the forward wing panel, the incremental changes i n  

and Cy f o r  the outboard s t o r e  decreased gradually w i t h  
increasing s i d e s l i p  angle u n t i l  the differences became small or  negl i -  
g i b l e  a t  the higher angles. 
due t o  s i d e s l i p  tends t o  cancel the s i d e  flow due t o  Wing angle of 
a t tack  and the flow due t o  the inboard s t o r e ;  thus, the outboard s t o r e  
undergoes no s izable  change i n  Interference or iginat ing from the inboard- 
mounted s t o r e .  

Cy,s) which increase w i t h  

C N , ~ ,  

Cm, s 9 , P  

This results from the fact  that  the flow 
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* Relat ive Contribution of the Store  and Pylon Toward 

Total  Store -Pylon Loads 

I n  order t o  show the r e l a t i v e  contr ibut ion of t he  s t o r e  and pylon -4 

toward some of the t o t a l  store-pylon loads, the comparison p l o t s  of 
f igures  33 and 34 were prepared by using the  s t o r e  data of references 1 
and 2 ( w i t h  no pylon) and the  present  s t o r e  data. For the  spanwise 
comparison p l o t s  ( f i g .  33), the most important e f f e c t s  of the pylon were 
on the  s t o r e  and store-pylon s ide  force and s t o r e  axial force.  
f igure ,  which i l l u s t r a t e s  more c l ea r ly  the  breakdown i n  side-force loads,  
shows that the  pylon ca r r i e s  the  l a rges t  proportion of the  t o t a l  s ide -  
force load, with the var ia t ion  due t o  spanwise pos i t i on  being r e l a t i v e l y  
small i n  comparison with the large changes caused by the  addi t ion of the 
pylon. The la rge  changes which occurred i n  s t o r e  axial force due t o  the 
presence of the pylon were subs tan t ia l ly  greater f o r  the outboard s t o r e  
pos i t ions  than f o r  the inboard s t o r e  posi t ions.  Changes i n  C,,,, C,,,, 

were general ly  var iable  along the  span and were small. I n  con- ‘N,s 
sidering these e f f e c t s ,  it should be noted that the pylon loca t ion  i s  
moved forward s l i g h t l y  on the  s to re  w i t h  outboard s t o r e  movement. 
va r i a t ion  i n  s t o r e  chordwise pos i t ion  ( f ig .  34), the presence of the 
pylon a l s o  caused la rge  increases  i n  the s t o r e  and store-pylon side force .  
Also, the  presence of the pylon produced large increases  i n  s t o r e  axial 
force; however, the incremental increases were only l i t t l e  a f f ec t ed  by 
s t o r e  choritwise pos i t ion  and pylon sweep. 

This 

With 

Figure 35 has been prepared t o  show the  r e l a t i v e  contr ibut ion of 
the s t o r e  and store-pylon s ide  force t o  the  t o t a l  load over the p range. 
Data a t  an angle of a t t ack  of 4.1° are  presented f o r  s i x  test configura- 
t i ons .  I n  general ,  it i s  seen that f o r  the  p range of these tests, as 
w e l l  a s  for the a range, the pylon ca r r i e s  a load as la rge  as or l a r g e r  
than tha t  on the s to re .  

Theore t i c a l  Consideration 

Store  and store-pylon side forces have been estimated by using the  
methods of references 4, 5 ,  and 7. The wing-fuselage f low-field informa- 
t i o n  has been obtained from a number o f  sources. 
s ta t ic -pressure  d i s t r ibu t ions  were determined by d i f fe ren t ia t ing  ve loc i ty  
p o t e n t i a l  with respect  t o  x by using methods similar t o  those shown i n  
reference 8, numerical in tegra t ion  being subs t i t u t ed  f o r  t he  graphical  
i n t eg ra t ion  used there in .  Wing-thickness sidewash w a s  found by d i f f e r -  
e n t i a t i n g  t h a t  veloci ty  po ten t i a l  w i t h  respect  t o  y. Fuselage-thickness 
e f f e c t s  were found t o  be s m a l l  and are  not included i n  t h i s  ana lys i s .  
The wing-angle-of-attack sidewash has been computed by using the  formulas 
of reference 9. 

The wing-thickness 



The estimation of the complete side-force load on a store-pylon 1 

i n s t a l l a t i o n  i m e r s e d  i n  a nonuniform flow requires  consideration of a 
number of f a c t o r s  whose r e l a t i v e  Importance w i l l  be shown later.  
buoyant s i d e  force ac t ing  on the s t o r e  w a s  found by a graphical integra-  
t i o n  over the s t o r e  surface of the s t a t i c  pressures due t o  the wing thick-  
ness.  The p o t e n t i a l  side force due t o  the thickness and angle-of-attack 
sidewash d i s t r i b u t i o n  along the s t o r e  center  l i n e  w a s  calculated by 
using the method of reference 10. The viscous s ide  force due t o  the 
thickness and angle-of-attack sidewash d i s t r i b u t i o n  along the  s t o r e  
center  l i n e  w a s  determined by a graphical in tegra t ion  of the crossflow 
drag over the length of the s t o r e  (ref. 7 ) .  
the store side force caused by the presence of the pylon were calculated 
by the  method given i n  reference 5, which simply uses an average of the 
sidewash over the surface of the  pylon and assumes that the presence of 
the pylon i n  no way alters the flow. 

The 

* 

The pylon s ide  force and 

Figure 36 has been prepared t o  i l l u s t r a t e  the r e l a t i v e  importance 
of the various theore t ica l  components of the store-pylon s ide  force; 
one of the configurations of t h i s  t es t  has been used as an example. 
Store o r  store-pylon s i d e  force has been p lo t ted  as a function of a i r -  
plane angle of a t tack.  Contributions t o  the t o t a l  store-pylon side 
force are made cumulatively. 
the theory and represents the sum of t h a t  component and a l l  components 
l i s t e d  below i t .  The one outstanding fea ture  of this f igure  i s  the 
overpowering e f f e c t  of the pylon on the t o t a l  store-pylon s ide  force.  

Each curve i s  i d e n t i f i e d  by a component of 

.. 
I n  f igure  37 the t h e o r e t i c a l  side force i s  compared with experimental 

side force for e ight  of the configurations tested. Again, the s t o r e  or  
store-pylon side force has been p l o t t e d  as a funct ion of a i rp lane  angle 
of a t tack.  I n  f igure  37(a) data f o r  the s t o r e  and sweptforward pylon 
a r e  presented f o r  the  spanwise pos i t ions .  The theory i s  seen t o  under- 
estimate the  experiment a t  the inboard s t a t i o n  and overestimate it a t  the 
outboard s t a t i o n .  A n  examination of the sch l ie ren  photographs ( f i g .  6 )  
shows that the shock from the wing-leading-edge-fuselage juncture appears 
t o  be a s i g n i f i c a n t  distance ahead of the  leading edge ins tead  of being 
behind as i s  the Mach l i n e  used i n  the theory. The schl ie ren  photographs 
of f igure 6(a)  show that the wing-leading-edge shock angle f o r  the wing- 
fuselage combination i s  unaffected by the  presence of the s t o r e  and pylon. 
Accordingly, the wing-angle-of-attack fiow f i e l d  w a s  recalculated f o r  a 
Mach number of 1.4 f o r  which the Mach angle equaled t h e  measured shock 
angle. Use of t h i s  t h e o r e t i c a l  sidewash d i s t r i b u t i o n  resulted i n  an 
improved predict ion of the slope of the store-pylon side-force curves 
a6 w a s  shown i n  reference 5. 

Also shown i n  f igure  37(a) are data f o r  a s t o r e  and rearward-swept 
pylon. 
moment data taken during this run, which were obviously i n  e r r o r ,  throw 

Store-pylon data are not  presented here because the pylon yawing- * 
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r doubt on the v a l i d i t y  of the side-force measurements. Unfortunately, 
the data were published i n  reference 5 before the  e r r o r  w a s  discovered. 

I n  f igure  37(b) data  are shown f o r  four  more configurations i l l u s -  
r t r a t i n g  the  e f f ec t  of f i n s ,  a store t a i l  cone, and a change i n  pylon 

loca t ion  f o r  a f ixed  s t o r e  posi t ion.  Since the s t o r e  o r  store-pylon 
load i s  determined predominantly by the sidewash ac t ing  on the pylon, 
it i s  i n t e r e s t i n g  t o  note the  change i n  loading w i t h  a change i n  pylon 
locat ion,  everything else remaining constant. The la rge  e f f e c t  of t he  
re loca t ion  and the  degree t o  which It could be predicted is shown i n  
the  upper half of f igu re  37(b). 
and theory may be caused by the  f a i l u r e  of t he  ac tua l  sidewash t o  reach 
f u l l y  the  theo re t i ca l  peak values near the  leading edge. 
demonstrated i n  reference 5 when, as mentioned before, the subsonlc- 
leading-edge type of sidewash d i s t r ibu t ion  w a s  found t o  give a b e t t e r  
agreement. 

The discrepancies between experiment 

This was 

A comparison of the data  f o r  the closed s t o r e  afterbody (that i s ,  
t a i l  cone on) with t h a t  of the boa t t a i l  afterbody showed l i t t l e  or  no 
change. 
dependent on the  degree of boat ta i l ing,  t h a t  f a c t o r  w a s  r e l a t i v e l y  unim- 
por tan t  i n  t h i s  case because of the small contr ibut ion of the p o t e n t i a l  
side force.  

Although f o r  i so l a t ed  bodies the  slender-body concept i s  g rea t ly  

c 

” 

The remaining configuration t r ea t ed  i n  f igu re  37(b) i s  one with a 
finned s t o r e  which i s  the  same i n  other respects  as an  earlier configu- 
r a t ion .  
predicted but  the theory predicts  a change I n  in t e rcep t  that i s  not 
rea l ized .  

The increase i n  the slope of the curve has been f a i r l y  w e l l  

A simplif ied procedure has been appl ied t o  the ca lcu la t ion  of the  
side-force var ia t ion  w i t h  s i d e s l i p  angle. The pylon and pylon-induced 
s to re  s ide  force,  the s t o r e  poten t ia l  side-force,  and the  s t o r e  viscous 
s ide  force  were computed f o r  a uniform sidewash angle equal t o  the 
angle of s ides l ip .  Thus, the theore t ica l  s ide  force due t o  s i d e s l i p  
i s  dependent only on pylon area,  s tore  geometry, and the r a t i o  of pylon 
span t o  s t o r e  diameter. Since the theory shows the  same r e s u l t s  f o r  
a l l  configurations of these tests except those having s t o r e  afterbody 
changes, the  theory and da ta  from the configurations t e s t e d  a r e  shown 
i n  f igure  38 on one s e t  of axes. In  t h i s  f igure ,  the s t o r e  o r  s t o r e -  
pylon incremental s ide  force due t o  s ides l ip  i s  p lo t t ed  as a funct ion 
of s i d e s l i p  angle f o r  an angle of a t tack of 4O. 
overestimate by a subs tan t ia l  margin the  experimental data f o r  the  con- 
f igura t ions  shown. 
s ide  force  a t  constant a is  primarily a function of p ra ther  than 
of configuration. 
s i d e s l i p  may possibly be obtained by considering the e f f e c t s  of the 
changes i n  leadlng-edge sweep. 

The theory i s  seen t o  

However it should be noted that the experimental 

A more accurate prediction of the e f f e c t s  of angle of 

(See r e f .  11. ) 

c 



I n  general, the  theory as used here provides a 
of the  angle-of-attack-induced s t o r e  o r  store-pylon 
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useful estimation 
s i d e  force.  However, 

the s ide force is  underestimated a t  the inboard w i n g  posi t ions and Is 
overestimated a t  the outboard posi t ions.  The s implif ied treatment of 
t he  s ides l ip  e f fec ts  yielded an overestimation of the side-force incre-  
ment ranging from 50 percent t o  100 percent. Also, it has been shown 
tha t  w i t h  a large pylon, as employed i n  these tests, a theore t ica l  
treatment of the pylon e f f e c t  alone gives a predict ion which i s  
improved only s l i g h t l y  by the addi t ion of a l l  the other  theore t ica l  
considerations. 

CONCLUSIONS 

Forces and moments have been measured a t  a Mach number of 1.61 on 
a s t o r e  and on a store-pylon combination f o r  a number of pylon-mounted 
s t o r e  posit ions below the wing of a 4 5 O  swept-wing-fuselage combination. 
Theoretical calculat ions of s t o r e  and store-pylon s ide  forces  have been 
compared w i t h  experimental data. Results of the  inves t iga t ion  indicate  
the following conclusions : 

i t s e l f .  
a la rge  load and a l s o  produce a la rge  incremental load upon the s t o r e .  
Both tend t o  increase rapidly with increasing angle of a t t a c k  o r  angle 
of s i d e s l i p .  

2. Location of the store-pylon combination i n  a sidewash f i e l d  of 
strong in tens i ty  may a l s o  r e s u l t  i n  powerful secondary effects on the 
normal force and a x i a l  force of the s t o r e .  

1. The most important source of store-pylon side force i s  the pylon 
When immersed i n  a strong sidewash f i e l d ,  the pylon can assume 

3 .  The large unstable pi tching moments obtained f o r  the  sweptfor- 
ward store-pylon i n s t a l l a t i o n s  a t  moderate angles of a t t a c k  ind ica te  
tha t  release of an unfinned s t o r e  from a forward s t o r e  locat ion could 
be hazardous. 

4 .  Tests with two s tores  mounted on the same w i n g  panel show t h a t  
the presence of the inboard store-pylon combination causes s i g n i f i c a n t  
decreases i n  the outboard s t o r e  and store-pylon s i d e  forces  produced by 
angle of a t tack .  

5 .  The theory as used here provides a useful  estimation of the 
angle-of-attack-induced s t o r e  or  store-pylon s ide  force.  However, the  
s ide force i s  underestimated a t  the inboard wing posi t ions and i s  over- 
estimated a t  the outboard posi t ions.  

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field,  V a . ,  October 25, 1957. 
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Figure 19.-  Effect  of pylon locat ion on t h e  aerodynamic c h a r a c t e r i s t i c s  
of t h e  store-pylon combination i n  t h e  presence of the  wing-fuselage 
comb i n a t  ion. 
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